Introduction
In power plants, in order to achieve a convenient and improvement chemical control in a boiler of cycle system [1] [2] [3] [4] , some implementation processes are required in different parts of the boiler: pressure of dilution in the boiler [5] [6] and the density of liquid [7] in the whole cycle system. This indicates that if any problem appears in any segments, whatever the conditions for the rest of the cycle system, the complete system will not work properly. It is known that one of the most important and vulnerable part of power plants is the boiler which owns the function to convert chemical energy of fuel into heat energy and transfer the achieved energy into the working fluid. For this purpose, the well controlling of the boiler has a great importance in preventing scale formation on heat transfer surfaces and corrosion in equipment thermal cycle system. Some chemical control methods can be viewed in [8] [9] [10] [11] [12] : AVT: ALL Volatile treatment, NWT: Neutral water treatment, CWT: Combined water treatment, Water Quality Control, Executive control actions from (AVT) to (CWT) in the combined cycle power plant
The use of combined water treatment or multiple mixture fluid is one of the most important progresses of combined cycle systems. As for an operating fluid, we apply the organic fluid such as the ammonia-water and the lithium-bromide. Combined cycle which employs binary mixture fluids has better capacity for electricity generation by low temperature sources [13] [14] [15] . It has been determined that among cycles with binary mixture fluids, Lorenz cycle maintains the most effective performance in temperature with fixed range [16] and the performance is due to the inconstant boiling and condensation of binary fluids. After selecting the appropriate dilution by the above mentioned methods, it should be noted that the soluble should be entered into the boiler with a suitable pressure and the exact concentration of fluid of the cycle. The performance and destruction exergy percentage of cycle will be improved by proper selections of pressure and fluid.
Ammonia water combined cycle is studied in terms of Exergy and the mentioned cycle evaluated through latent heat is modeled by fluid extraction properties [17] [18] . Colonna et al. [19] conducted a research on a combined cycle which employs a gas cycle and an internal combustion engine to provide the required energy in the absorption refrigeration cycle. This cycle can generates power and cooling, independently. Zare et al. [20] used the wasted heat in ammonia-water combined cycle to achieve the first and the second law efficiency of this cycle, respectively. By examining the benefits of ammonia water which was taken as the fluid in the combined cycle power plant, Dejfors et al. [21] achieved greater efficiency compared with the Rankine cycle. Goswami et al. [22] examined the parametric effects on Rankine power generation combined cycle and made a comprehensive comparison with the ammonia absorption cycle. Zhang Zhi et al. [23] analyzed the influence of inlet temperatures of both heat resource and cooling water on system efficiencies based on the first law and the second law of thermodynamics. The results indicated that the indices of the power recovery efficiency and the exergy efficiency of KC were 18.2% and 41.9% respectively, while the composite power recovery efficiency and the composite exergy efficiency of AWRC were respectively 21.1% and 43.0%. G.R. Ahmadi and D. Toghrai [24] investigated the steam cycle of a power Plant with an individual unit capacity of 200 MW by using mass, energy, and exergy balance equations with the EES software. The results showed that the biggest source for wasting energy was the condenser by 69.8% while the biggest source for exergy lost was the boiler by 85.66% of the total.
In this paper, the energy-exergy analysis is conducted on the combined cycle and also on Rankine cycle for a better verification. It should be mentioned that the binary mixture is taken as ammonia-water. The EES software is utilized for performing analyses. Effective parameters on the thermodynamic performance are investigated through energy and exergy destruction, enthalpy temperature, yields, velocity, etc. The main purpose of this paper is to show the effects of ammonia-water dilution on pressure in the boiler and its density on ammonia-water combined cycle. The results show that generated net power increases with the increasing of the ammonia-water dilution pressure in the boiler until pressure range belong to [169. bar and after that, it starts to decrease. In addition, the increased ammonia-water dilution pressure will lead to the reduction of boiler exergy destruction and total exergy destruction as well. It also results in an increment in exergy performance coefficient (EPC).
Methodology
The ammonia-water combined cycle as shown in Fig. 1 and the Rankin cycle as shown in Fig. 2 are examined. Energy exergy analysis is conducted in both cycles. The research on the Rankine cycle is taken for the purpose of comparisons. It should be noted that the indexes of equations are chosen from the notations in Figs. 1 and 2 . In order to analyze the thermal cycles, equations should be written separately for each component. Then, these equations can be solved together in a system with the temperature, pressure, and flow at every point. In general, the energy equation is assumed to be the volume control for each component which can be written as follows:
Exergy balance equation for each component is shown as follows:
where E is the total exergy at each point, which is the summation of physical and chemical energies of components of each considered point.
Physical exergy of a thermodynamic system is consisted of the mechanical and the thermal exergy. The Mechanical exergy is the function of the pressure in the thermodynamic system while the thermal exergy is the function of the temperature in the thermodynamic system. Then, the physical exergy can be demonstrated in the following Eq. (3):
The Chemical exergy is equal to the maximum of produced work while chemical species of the thermodynamic system can be mixed and made using a chemical reaction with the species which are available in the environment. These chemical reactions produce extra amount of work which is the chemical exergy of the system. Chemical exergy is calculated by the following Eq. (4):
where ch i ex is the special chemical exergy for each of the created component in the considered system and xi is the mole fraction of each component in the thermodynamic system. The total exergy of system is achieved as follows: Heat transfer is raised to reduce the capability of the working cycle. Since no reports have been made between the body with the higher temperature and the lower temperature, it is important to minimize the temperature variations between the heat exchangers resources in order to minimize the return-invariance of heat transfer.
Integration
Integration is an irreversible process that is raised to reduce the ability of work. Integration is inevitable in many processes such as the combustion [25] .
Friction
The fluid friction is similar to the mechanical friction. The internal friction in the thermodynamic system may waste some of the energy and may prevent it to useful work [26] .
Strangulation
In the strangulation process, fluid with higher pressure is converted into the working fluid with lower pressure. No work has been done and heat is not transferred during the process. Strangulation process is an irreversible process and it has the ability to reduce work [27] .
Enthalpy and entropy of different components
The fluid of combined cycles is composed of various components. Therefore, enthalpy and entropy should be calculated by separated equations for each of point. Enthalpy of each point can be obtained from the following equation:
where xi is the mole fraction of components andℎ ̅ is the mole specific enthalpy of components of each point. The relevant equations for each of the components can be found in the next subsection.
Compressor
The task of the compressor is compressing, raising air pressure and inletting fuel into the cycle. The complimentary isentropic efficiency of the compressor, the specified temperature, and the inlet pressure to the turbine, can be modeled by the following equation to simulate the temperature and pressure into the output compressor [28] :
And, by using the following Eq. (8), we can calculate the optimal intermediate pressure of low compressor:
In the low-pressure compressor, the temperature and pressure at the outlet low-pressure compressor can be calculated by using the given temperature and pressure at the inlet compressor, as follows: 
Power requirements of low-pressure compressor are achieved by using the energy balance equation for the low-pressure compressor, as follows:
also, exergy destruction in low-pressure compressor is obtained by the exergy balance:
The same process will be conducted for the highpressure compressor. And then the following relations can be obtained: 
Exergy destruction in high-pressure compressor is equal to: 
Intercooler (IC)
The coefficient effect and conservation energy equations for the intercooler are needed [29] to analyze the intercooler and it can be given as follows:
where qact is the transferred heat from each of the fluids; qmax is the possible highest transferred heat in the thermal exchanger; C is the heat capacity of the flow, and is the design parameters.
The destruction exergy is obtained by the exergy balance for intercooler:
Recuperator
Similar to the intercooler, the coefficient effect and conservation energy equations are also needed for analysis which can be written as follows [30] :
Destruction exergy in the recuperator is written as follow:
Combustion chamber
Firstly, in order to analyze the combustion chamber, it is necessary to write the combustion equation for the chamber [31] :   
The mole fractions of nitrogen, oxygen, carbon dioxide, and water vapor can be obtained by the following equations, respectively: 
where {a} is the mole ratio of air to fuel which can be obtained by the following equation: f a n a n
where a n and f n are defined as follows:
From Eqs. (29) and (30), Eq. (28) can be recast as follows:
Energy conservation equation for the combustion chamber [32] can be written as follow:
where Q r is the total amount of wasted heat from the combustion chamber which can be defined by the following equation:
also, the relationship between the parameters {a} and mass flow of air and fuel is given in Eq. (34):
Exergy destruction occurs in the combustion chamber is calculated by:
3.2.5. Turbine
Suppose that the temperature and the pressure are given in advance, as a result, the enthalpy of inlet flow to the turbine and outlet pressure turbine can be determined correspondingly. The temperature and enthalpy in turbine exhaust [33] [34] , and turbine pressure ratio are obtained by using the following equations: 
Exergy destruction in turbine and turbine output power is obtained by using the energy conservation and exergy equations:
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The amounts of air and fuel mass flow entered to the cycle are achieved by using the following equation in combination with equations of combustion chamber:
3.2.6. Boilers
The inlet and output temperature of gas in the boiler, the temperature variation between the inlet gas to the boiler and outlet water ammonia solution of the boiler are clear. As a result, the amount of mass flow of water ammonia solution is calculated by using the energy equation in the boiler, as follows:
Destruction exergy in the boiler is also calculated from the following equation: 
Heat exchanger
Analyze of heat exchanger is similar to recuperator which requires the effect coefficient and energy conservation equations, can be written as follows: 13 14 13 16 
The destruction exergy in the heat exchanger is as follows:
Cooling water is used to keep the input ammonia water cold. By determining the mass flow, temperature and pressure of water which entered the condenser, outlet enthalpy, and destruction energy of the condenser are obtained by the following energy and exergy conservation equations: 
The first and the second term on the right hand side of the Eq.(51) are the produced power of turbine and the consumable power of the pump, respectively.
The overall analysis of cycle
The thermodynamic efficiency of the gas turbine cycle is calculated as follows:
As well as the overall efficiency of the combined cycle can be obtained from the following equation: 
The produced power of the combined cycle including the summation of produced power in the gas turbine cycle and ammonia-water cycle is as follows:
The coefficient of exergy performance for the gas turbine cycle and combined cycle which are the ratio of produced power to exergy destruction are obtained by following formula, respectively: 32 32 ..
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Overall energy destruction in the cycle of gas turbine and cycle of generating power of ammonia water are equal to: 
Numerical results and discussions

Energy and exergy analysis
This section displays the results of the thermodynamic analysis on gas turbine combined cycle with power generation and ammonia water combined cycle. This thermodynamic cycle simulation is experimented by the EES software. Temperature, pressure, mass flow rate, enthalpy, entropy, exergy and the mole composition of each of the cycles are listed in the Tables 1and 2. Preliminary results or the basic mode for the combined cycle is displayed in Table 3 . As can be seen that by adding the ammonia water power generation cycle into the whole system16.46% percent of power generated in the gas cycle turbine can be produced in the ammonia water combined cycle. It is also observed that by this combined cycle, the efficiency will be increased about 5.81% compared with the efficiency of gas turbines. Exergy destruction rate is displayed in Table 4 separately according to the output of combined cycle. Table 3 Preliminary results for ammonia water combined cycle As can be seen in Table 4 , the combustion chamber due to the irreversible nature of combustion has highest destruction rate of exergy and the pump has the lowest percentage of destruction. After combustion chamber, gas turbines and boilers are in next ranking. And also we can observe that the high and low-pressure compressors and recuperator have almost the same exergy destruction ratio. The exergy destruction ratio for each component is shown in Fig. 3 . If the Rankine cycle is used instead of the ammonia water power cycle, the results will be shown in Tables 5 and  6 . The inlet and outlet gas from the boiler for both ammonia water, and the Rankine cycle has been assumed to be the same. As it can be seen in the base case, the produced power generation in ammonia water combined cycle is less than the Rankine cycle. In certain temperature, pressure, and conditions, the ammonia water cycle power generation water can be much higher than the maximum of power generation in the Rankine cycle.
4.2.
The results on the effect of ammonia-water dilution pressure in boiler on the combined cycle a b Fig. 4 The effects of ammonia-water dilution pressure in boiler on the thermodynamic performance of combined cycle: a -the changes of ammonia-water dilution pressure to exergy performance coefficient and overall thermal efficiency; b -the changes of ammonia-water dilution pressure to destruction exergy of ammonia water combined cycle and overall pure produced power
It is obvious that by increasing the ammonia-water dilution pressure in the boiler, the net power generation of ammonia water combined cycle will be increased. This trend continues until pressure range[169. 3 − 180] , and after that, it starts to be reduced. Hence, it is observed that thermodynamic efficiency of combined cycle will be increased and then after the above mentioned point interval the efficiency will be decreased. Moreover, it is also shown that with the increasing of pressure of ammonia water dilution in boiler causes reduction of destruction exergy and due to the significant effect of boiler exergy in the whole cycle, destruction exergy reduction of the whole cycle will occur. Based on the above description, the exergy performance coefficient (EPC) will increase corresponding to the destruction exergy increment in the whole cycle. The effects on ammonia-water density on the thermodynamic performance of combined cycle: a -the changes of ammonia-water density to mass flow rate of ammonia water cycle; b -the changes of ammonia-water density to total exergy destruction and pure produced power; c -the changes of ammonia-water density to Exergy performance coefficient (EPC) and overall thermodynamic efficiency
It is observed that with the increasing of the density of ammonia-water will lead to the reduction of mass flow rate of ammonia-water dilution in the cycle. Thereby, by reducing the mass flow of dilution, it will cause net produced power generation in ammonia-water power cycle. And generally it will cause the reduction of net power generation in combined cycle. The increased concentration of ammonia-water dilution will lead to the increasing of the destruction exergy in the boiler and the total destruction exergy in ammonia-water power generation cycle. By giving the above explanation, decreasing the production power of ammonia-water cycle will cause the reduction of thermodynamic efficiency of combined cycle. Whereas, the increasing of exergy destruction in ammonia-water power generation cycle will cause reduction of exergy performance coefficient in the whole cycle.
Conclusions
1. By increasing the ammonia-water dilution pressure in the boiler, the net power generation of ammonia water combined cycle and the thermodynamic efficiency of combined cycle will be increased. This trend continues until pressure range [169. 3 -180] bar and after that, it starts to be reduced.
2. The increasing pressure of ammonia water dilution in boiler will cause the reduction of destruction exergy. And due to the significant effect of boiler exergy in the whole cycle, destruction exergy reduction of the whole cycle will be occurred. Then, the exergy performance coefficient (EPC) will be increased corresponding to the destruction exergy increment in the whole cycle.
3. Increasing the density of ammonia-water will lead to the reduction of mass flow rate of ammonia-water dilution in the cycle. Thereby, reducing the mass flow of dilution will result in the net produced power generation in ammonia-water power cycle and generally it will result in the reduction of net power generation in combined cycle.
4. The increasing concentration of ammonia-water dilution will lead to the increasing the destruction exergy in the boiler and the total destruction exergy in ammonia-water power generation cycle. Decreasing the production power of ammonia-water cycle will lead to the reduction of thermodynamic efficiency of combined cycle. Whereas, the increasing of exergy destruction in ammonia-water power generation cycle will lead to the reduction of exergy performance coefficient in the whole cycle.
5. By adding the ammonia water power generation cycle into the whole system to recycle heat from the gas turbine cycle, 16.46% percent of power generated in the gas cycle turbine can be produced in the ammonia water combined cycle.
6. By the proposed combined cycle, the efficiency will be increased about 5.81% compared with the efficiency of gas turbines. Exergy destruction rate is displayed in Table 4 separately according to the output of combined cycle.
7. The combustion chamber has the lowest percentage of destruction due to the irreversible nature of combustion has highest destruction rate of exergy and pump.
8. Produced power generation in ammonia water combined cycle is less than the Rankine cycle. In certain temperature, pressure, and conditions, the ammonia water cycle power generation can be higher than the maximum of the power generation in the Rankine cycle.
